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(57) Abstract: New phosphonamide compounds and methods of forming those compounds are provided. In one embodiment, the 
inventive methods cornice subjecting an opened^iing phosphonamide template to a ring-closing metathesis reaction in the presence 
of a ring-closing catalyst (e.g., a Grobbs catalyst) to yield a phosphonamide. In another embodiment, the inventive methods comprise 
reacting a template stmcture with a phosphorus (lU) compound to yield the phosphonamide. Advantageously, in either embodiment, 
^ the template structures can be provided with a wide airay of functional groups (e.g., amino acid side chains, peptides) chosen to 
^ provide particular properties to the compound. 
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AMINO ACID-DERIVED CYCLIC PHOSPHONAMIDES 
AND METHODS OF SYNTHESIZING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed towards new phosphonamide compounds and methods 
of forming those compounds via ring-closing metathesis reactions carried out in the presence of 
a ring-closing catalyst (e.g., a Grubbs catalyst), or via reacting a template structure with a 
phosphorus (IE) compound to yield complex phosphonamides. The compounds have a nmnber 
of uses including as inhibitors of enzymes such as HTV proteases! 

Description of the Prior Art 

Srnall peptides are excellent starting points for drug design because they have the 
potential to overcome the pharmacokinetic shortcomings of larger peptides, yet retain the 
desirable quality of molecular recognition. Anumber of dipeptides are currently being developed 
as novel pharmaceutical agents (see e.g., Blackburn et al., Bioorg. Med ChenL UtL, 7:823-26 
(1997); SchuUek et al.. Anal, Biachem., 246:20-29 (1997), each incorporated by reference 
herein). Unfortunately, even small peptides suffer from proteolytic instability which limits thek 
use as drug candidates. 

Peptide mimics have been developed which utilize the urea moiety as a non-hydrolyzable 
linker and/or a hydrogen bond acceptor. Further modifications to cyclic ureas have led to the 
generation of a new sub-class of biologically active compounds. A number of cyclic HTV 
protease inhibitors have been developed that incorporate ureas, sul&mides, and other urea 
surrogates as the central linchpm. In these cases, it has been shown that the H-bonding urea 
moieties may serve to rq>lace Ae water molecule exclusive to the active site of HIV protease. 
Ring-closing metathesis (RCM) reactions have become a highly effective strategy for the 
construction of a number of important heterocycUc compounds (see e.g., Fu et al., J. Am, Chem 
Soc, 115:9856 (1993), incorporated by reference herein) and constrained peptides (see e.g., 
MiUer et al., /. Am. Chem. Soc, 117:5855-5856 (1995); Miller et al., J. Am. Chem. Soc, 
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1 18:9606-9614 (1996); Blackwell et al., Angew. Chem., Int. Ed, 37:3281-3284 (1998), each 
incorporated by reference herein). 

Smce its discovery as the causative agent of AIDS, considerable effort has been placed 
on understanding the biomolecular replicative process of the human inununodeficiency virus 
(HTV), with primary focus being placed on the inhibition of a key vitally encoded protease 
enzyme of the/?o/ gene. Many synthetic approaches to the mhibition of HIV protease are based 
on the synthesis of peptidomimetics ^^ch replace a key scissile amide bond by a non- 
hydrolyzable transition state isostere. This strategy has been employed to synthesize a number 
of novel nonpeptidal HIV protease inhibitors. Among the more effective peptidomimetics, the 
synthesis of cycKc ureas (see e.g., Lucca et al.. Drugs of the Future, 23:987 (1998)), cyclic 
sulfamides (see e.g., Jadhav et al., Tetrahedron Lett,, 36:6383 (1995)), 
hydroxyethylene/hydroxyethylamme isosteres (see e.g., Thomas et al., Biorg Med Chem. Lett. , 
4:2759 (1994)) have been reported. 

Finally, phosphorus-containing compounds have gained considerable attention due to 
their diverse biological and chemical profiles, A number of P-heterocycles have shown potent 
biological activity and have thus become attractive targets as rationally designed small molecules 
(see e.g., Zon, Progr. Med Che,, 19:205-46 (1982); Nachev, Bull Chem. Soc. Jpn., 61:3705-9 

(1988); and Stec,y. OrganophosphorusChem., 13:145-74 (1982), eachmcorporaled by reference 
herein). 

SUMMARY OF THE INVBNfTION 
The present invention is broadly concerned with new phosphonamide compounds and 
methods of forming such compounds. 

In more detail, the preferred compounds are represented by a formula selected fiom the 
group consisting of 
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, and 



each X is individually selected fiom the groiq» consistiiig of oxygai, -NH, and -NOR; 

each R is individually selected from the groiq) consisting of hydrogen, branched and 
unbranched alkyi groups (preferably C,-C,„ more preferably C,-Cj), branched 
and unbranched alkenyl grotqw (preferably Q-C,,, more preferably Cj-Cg), 
hrandied and unbranched alkynyl exmps (preferably Q-C,,, more preferably C^- 
C^, allyl groups, acyi groiqjs (preferably C,-C„, more preferably C,-Cg), aryl 
gmaps (preferably Q-C^), 2-15 mer peptides, and benzyl groups; and 
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each R* is individually selected from the group consisting of hydrogen, amino acid side 
chains, and 2-15 mer peptides. 

Preferably at least one group comprises an amino acid side chain selected from the 
group consisting of 
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2 , and 




wherem each is mdividually selected from the group consisting of hydrogen, branched and 
unbranched alkyl groups (preferably Ci-C,g, more preferably Cj-Cg), branched and unbranched 
alkenyl groups (preferably Ca-Cu, more preferably C^-Cg), branched and unbranched alkynyl 
groups (preferably Cj-Cij, more preferably Cj-Cg), allyl groins, aiyl groups (preferably Q-C12), 
acyi groups Q)referably C,-C,8, more preferably Cj-Cg), and benzyl groups. 

In a preferred embodiment, the inventive compounds comprise a formula selected from 
the groiq) consisting of 
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Some of the inventive compounds are formed by reacting a template phosphonamide 
compound which comprises an opened-nng structure (Le., a partially-formed ring comprising at 
least halt but not all of the sides necessary to form a cyclic compound) with a ring-closing 
catalyst to yield the closed-ring phosphonatnide compound. Preferred ring-closing catalysts are 
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Grubbs catalysts (see e.g., U.S. Patent Nos. 6,048,993, 5,917,071, 5,750,815, 5,710,298, 
5,342,909, and 5,312,940, each incorporated by reference herein) as well as those disclosed by 
the following references, each also mcoiporated by reference herein: Matthias, Org. Ltrs., 
l(6):953-56 (1999); Schrock, Macromoleciiles, 29(19):61 14-25 (1996); Zhu et al., J. Amer. 
Chem, Soc, 121(36):8251-59 (1999); Alexander et al., ^ .Iwer. Chem. Soc, 120(16):4041-42 
(1998); and Kingsbury et al., J. Amer. Chem. Soc, 121(4):791-99 (1999). 

Particularly preferred Grubbs catalysts are those selected from the group consistmg of 
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Preferred template opened-ringed structures comprise an allylated phosphonamide, with 
particularly preferred template structures bemg those selected from the group consistmg of 
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wherein: 

eadi X is individually selected from liie group consisting of oxygen, -NH, and -NOR; 

each R is individually selected from the group consisting of hydrogen, branched and 
unbranched alkyl groups (preferably C,-Cig, more preferably CpCj), branched 
and unbranched alkenyl groups (preferably Ca-Cu, more preferably Cj-Cg), 
branched and unbranched allgoiyl gx)ups (preferably Cj-Cjg, more preferably Cj- 
Cg), allyl groups, acyl groups (preferably C,-C,„ more preferably Cj-Cg), aryl 
groups (preferably C^C^^, 2-15 mer peptides, and benzyl groups; and 

each R* is individually selected from the group consisting of hydrogen, amino arid side 
chains, and 2-15 mer peptides. 

PrefOTed closed-ring phosphonamide compounds formed by this inventive method are 
tiiose selected from the group consisting of 




t 

» • 
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\^eiem: 

each X is individiially selected from the group consistmg of oxygen, -NH, and -NOR; 
each R is individually selected from the group consisting of hydrogen, branched and 
unbranched alkyi groiq)S (preferably Ci-C,g, more preferably C|-Cj), branched 
5 and unbranched alkenyl groups (preferably Cj-Cjg, more preferably Cj-Cg), 

branched and unbranched alkynyl groups (preferably Cj-Cig, more preferably Cj- 
Cg), allyl groups, acyl groups (preferably C,-C,g, more preferably C,-Cg), aryl 
groups (preferably €^,2), 2-15 mer peptides, and benzyl groups; and 
each R' is individually selected from the ffovp coiisisting of hydrogen, amino acid side . 
10 chains, and 2-15 mer peptides. 

Preferably the reacting step is carried out at a temperature of from about 15-80**C, and 
more preferably from about 30-55 **C, Furihermore, the reacting step should be carried out in a 
solvent system comprising a solvent selected from the group consisting of toluene, benzene, 
chlorobenzene, dichlorobenzene, methylene chloride, dimethoxyethane (DME), and mixtures 
15 thereof Preparing the phosphonamide compounds according to the inventive methods should 
result in a yield of those compounds of at least about 80%, and preferably at least about 95%, 
wherein the theoretical yield is taken as 100%. 

In another embodiment, the st^cally demanding inventive compounds can be prepared 
with relative ease by providing a template compound coroprising two secondary amines bonded 
20 to an alkyl chain with the nitrogen atoms of the respective amines being separated by at least two 
carbon atoms, and preferably at least four carbon atoms, on the alkyl chairL The template 
compound is then reacted with a phosphorus (HI) compound under conditions to cause the 
phosphorus atom fliereof to bond with each of the amine nitrogen atoms, thus forming a cyclic 
phosphonamide. 

25 Preferred phosphorus (UT) compounds have the formula R^PY2, wherein: 

R^ is selected from the group consisting of hydrogen, branched and imbranched alkyl 
groiqps (preferably Ci-C,g, more preferably Cj-Cg), branched and unbranched 
alkenyl groups (preferably Cj-Cig, more preferably Cj-Cg), branched and 
unbranched alkynyl groups (preferably Cj-C,,, more preferably Cj-Cg), allyl 

30 groups, acyl groups (preferably C,-C,g, more preferably Cj-Cg), aryl groups 

(preferably Q-C12), and benzyl groups; and 
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each Y is individually selected from the group consisting of the halogens. 
Even more prefexably, the phosphorus (HI) compound comprises the fonnula PhPClj. 

Preferred templates have a general fonnula selected from the groiip consisting of 



T T 

R-^NH HN-^R ^ Y^NH HN^^ 

1 

RO^C^NH HN-^CO^R ^^^C NH HN GO^R 

^ w 

,and X X 



wherein: 

each X is individually selected from the group consisting of oxygen, -NH, and -NOR; 

each Ris individually selected from the group consisting of 2-1 5 mer peptides, hydrogen, 
branched and unbrandied allqrl groups (preferably Cj-Ci^, more preferably Cr 
Cg), branched and unbranched alkenyl groups (preferably Q-Cig, more preferably 
Cj-Cj), branched and imbranched alkynyl groups (preferably Cj-Cjg, more 
preferably Cz^Cg), allyl groups, acyl groups (preferably Cj-C,g, more preferably 
CpCg), aryl groiips (preferably Q-Cjj), and benzyl grotqps; and 

each R^ is individually selected from the group consisting of hydrogen, amino acid side 
chains, and 2-15 mer peptides. 

Preferred cyclic phosphonamides formed according to this method include those selected 
from the groi^ consisting of 
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* 




herein: 

each X is individually selected from the group consisting of oxygen, -NH, and -NOR; 
each R is individually selected from the group consisting of hydrogen, branched and 
unbranched alkyl groups (preferably C,-C,8, more preferably CrC,), branched 
and unbranched alkenyl groups (preferably Cj-Cu, more preferably Ca-C,), 
branched and unbranched alkynyl groiq>s (preferably Ca-Cig, more preferably Cj- 
Cg), allyl groups, acyl groups (preferably C,-C,8, more preferably C,-Cg), aryl 
groups (preferably Q-Cij), 2-15 mer peptides, and benzyl groups; and 
each R* is individually selected from the group consisting of hydrog^ amino acid side 

chains, and 2-15 mer peptides. 
Preferably the reactmg st^ is carried out at a temperature of from about -10-25 **C, and 
more pref^ably from about -1 0-C^C. Furthermore, the reacting step should be carried out in a 
solvent system comprising a solvent selected from die group consisting of methylene chloride, 
acetonitrile, diethyl ether, and mixtures thereof Preparing the phosphonamide compounds 
according to this embodiment of the inventive methods should result m a yield of those 
compounds of at least about 80%, andpreferably at least about 95%, wherein the theoretical yield 
is taken as 100%. 

It will be appreciated that the inventive methods allow for the synthesis of a wide army 
of both symmetric and imsymmetiic cyclic phosphonamide compounds. Furdiermore, the 
inventive methods allow for preparation o^ or selection of, templates having particular fimctional 
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groups bonded thereto which are then readUy formed into the desired phosphonamide in a 
controUed and repeatable manner. Because the method can be adapted to form phosphonamide 
compounds comprismg one or more amino acid side chains or peptides bonded thereto, the 
mventive compounds can be used to inhibit enzymes such as HIV protease. 



10 



DETAILED DESCRIPTION OF THE PREFERRED E^^BODIME^r^S 

EXAMPLES 

The following examples srt forth preferred methods in accordance with the mvration. 
It is to be understood, however, that these examples are provided by way of illustration and 
nothing tiierem should be taken as a limitation qpon the overall scope of the invention. 

A number of abbreviations are used herein. These abbreviations and the term or terms 
that they represent are set forth in Table A. 



15 



Table A 



20 



Abhrevi^on 


Tenn(s) 


hex 


hexane 


Bn 


benzyl 


Ph 


phenyl 


Me 


methyl 


Et 


ethyl 


EtOAc 


ethyl acetate 


Et^N 


ttieth^ amine 



25 
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Grubbs Catalysts were used in some of the following Examples. These catalysts 
refeired to as follows: 

Cj, Ph PCy3 ^ 

Grubbs Catalyst 1 Gnibbs Catatlyst 2 




Grabbs Catalyst 3 



EXAMPLE 1 

Scheme A dq}icts the genial overall reaction scheme followed in Parts I-V below. 
Scheme A 





UeOfi MH HN CO^ 
B,N COjKfc _^i2a— ^ ^•:Js^ — I3a 

11 12 




NH HN ^ r NH HN 





BnO C y OBn 
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In this and the following procedure descriptions, the number/letter abbreviation depicted 
in the particular reaction scheme follows the chemical name of the particular compound (e.g., 
"(11)" follows ••valine methyl ester"). 

/. Preparation of Valine-Derived Diamide (12a) 

A solution of valine methyl ester (11) (3.80 g, 28.9 mmol), EtjN (5.24 mL, 37.7 mmol), 
and dimethyl fomiamide (DMF) (30 mL) was cooled in a -ICC ^aCl saturated) ice bath. 
Fumaiyl Chloride (1.42 mL, 13.2 mmol) was added drop-wise over a 1.5 hour paiod. After 
addition was complete, die reaction was warmed to room taiq)eFatuie and stirred for 1 5 minutes. 
The resulting slurry was portioned between EtOAc (100 mL) and water (100 mL). The water 
layw was «ctracted twice with EtOAc (30 mL), and the combined organic layers were dried 
(NajSOO and concentrated under reduced pressure. The resulting white solid was dissolved in 
minimal, hot CHjClz, and crystallized from hexanes to afford 4.43 g (98%) of (12a) as white 
crystals, [a]'' = +8.3 (c = 0.47, CHCI3); FITR (neat) 1740, 1637, 1540, 1436, 1355 cm"'; 'H 
NMR (400 MHz, CDCy 5 7.06 (s, 2H), 7.05 (d, J= 10.3 Hz, 2H), 4.69 (dd, J= 9.0, 5.3 Hz, 2H), 
3.74 (s, 6H), 2.20 (m, 2H), 0.94 (d, J= 6.9 Hz, 6H), 0.91 (d, J= 6.9 Hz, 6H); "C NMR (100 
MHz, CDClj)8 172.44, 16424, 13325, 57.34, 52.26, 3129, 18.92, 17.84; HRMS calculatedfor 
C„H^20j(M+H)* required 343.1869, found 343.1840. 

R Preparation of Valine-Derived Dianude (12) 

Compound (12a) (970 mg, 3.8 mmol) was dissolved in CH2CI2 (50 mL) in a 100 mL flask 
undo: argon atmosphere. Next, 10% palladium on charcoal (Pd/C, 440 mg) was added to the 
solution and hydrogen gas was purged over the reactionmixhire for 5 minutes. The solution was 
then stirred at room temperature under 1 atm of hydrogen gas for 30 minutes. Filtration of the 
solution ovCT a pad of Celite followed by concentration thereof yielded 973 mg (99%) of (12) as 
white crystals, [a]^ +13.0, (c = 0.83; CHClj); FTIR (neat) 1748, 1641, 1436. 1374 an '; >H 
NMR (400 MHz, CDClj) 6 6.53 (d, J= 8.6 Hz, 2H). 4.50 (dd, J= 8.7, 5.1 Hz. 2H), 3.70 (s, 6H), 
2.67-2.49 (m. 4H), 2.16-2.07 (m, 2H), 0.90 (d. J= 6.9 Hz, 6H), 0.87 (d, J= 6.9 Hz, 6H); "C 
NMR (100 MHz, CDCI3) 8 172.42, 172.01, 57.16, 52.03, 31.46, 31.05, 18.89, 17.76; HRMS 
calculated for C^^J^^O^ (M+H)* required 345.2026, found 342042. 
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IR Preparation ofValine-Derived Diol (13a) 

NaBH, (669 mg, 17.6 mmol) was added at room temperature to a solutioa of compound 
(12) (1 .2 1 g, 3.5 mmol) and tetrahydrofuran (THF) (1 7 ml), and the reaction vessel was equipped 
with a condenser and heated to 55 ""C. MeOH was added drop-wise over a 20 minute period, and 
the reaction was monitored by TLC. The reaction mixture was cooled to room temperature and 
quenched slowly widi a minimal amount of distilled water. The reaction slurry was then 
subjected to flash chromatogr^hy (10% MeOH in EtOAc) to afford 954 mg (95%) of (13a) as 
white crystals, [a]" = -18.2 (c = 0.49, 1:1 CHjCN:!!^©); FnR(neat) 1635, 1543, 1457, 1418 
cm '; 'H NMR (400 MHz, CDCI3) 5 6.63 (d, J= 8.9 Hz, 2H), 3.99 (s, 2H), 3.76-3.67 (m. 4H), 
3.50 (dd, J= 10.9, 7.8 Hz, 2H), 2.71 (d, J= 9.8 Hz, 2H), 2.49 (d, J= 9.9 Hz, 2H), 1.82-1.74 (m, 
2H), 0.93 (d,y= 6.8 Hz, 6H), 0.91 (d, J= 6.8 Hz, 6H); "C NMR (1 00 MHz, CDCI3) 8 173.63. 
6329, 57.06, 32.27, 2930, 19.48, 18.79; HRMS calculated for Ci^n^^^O^ (M+H)* required 
289.2127, found 289.2152. 

IV. Preparation of Valine-Derived Bis-Benzyl Ether (13) 

A solution of compound (13a) (20 mg, 0.07 nomol) and DMF (150 jil) was cooled in a 
0°C ice bath. NaH (8.4 mg, 0.22 mmol) was added, and the reaction was wanned to room 
tempoature. After gas evolution was complete, the reaction was recooled in a 0°C ice bath, and 
benzyl bromide (18.4)il,0.16 mmoQ was added. The reaction was warined to room temperature 
and allowed to stir for 10 minutes. The slurry was partitioned between EtOAc (2 mL) and water 
(2 mL), tiie layers were separated, and the aqueous layer was reextracted twice with 2 mL of 
EtOAc. The organic layers were combined, washed once with brine, dried (^a^^O^, and 
concentrated imder reduced pressure. Flash chromatogr^y (1:1 Hexanes/EtOAc, then 10% 
MeOH in EtOAc) afforded 31 mg (95%) of (13) as white crystals, [o]" = -57.7 (c = 0.052, 
CHCI3); Fim (neat) 1629, 1540, 1465, 1437, 1387, 1357, 737, 694 cm '; 'H NMR (400 MHz, 
CDCI3) 5 7.37-727 (m. lOH), 6.06 (d, y = 9.3 Hz, 2H), 4.50 (d, J= 12.0 Hz, 2H), 4.45 (d, J= 
12.0 Hz. 2H), 3.87-3.82 (m, 2H), 3.55 (dd, 7= 9.7, 4.0 Hz, 2H), 3.40 (dd, J= 9.7, 4.2 Hz, 2H), 
2.59-2.42 (m, 4H), 1.95-1.86 (m, 2H), 0.90 (d, 7.0 Hz, 6H), 0.88 (d, 7= 7.0 Hz, 6H); "C 
NMR (100 MHz, CDCI3) 5 171.74, 138.14, 12839, 127.61, 127.65,73.16,70.03,54.11,32.04, 
2926, 19.49, 18.85; HRMS calculated for C2«H4iN204 (M+H)* required 469.3066, found 
4693076. 
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V, Preparation of Valirte-Derived Diamine (14) 

Lithium alumimrai hydride (LAH) (316 mg, 8.3 mmol) was added to a solution of 
compound (13) (193 mg, 0.42 nunol) and dioxane (2 mL) at room temperature. The flask was 
equipped with a condenser and heated to reflux for 3 hours. The reaction was cooled to room 
temperature and quenched over a 30-nimute period with water and Glauber's salt (Na2SO4l0 
H^O). The reaction mixture was stirred for an additional 30 minutes and filtered over a pad of 
Ceiite (EtOAc). The solution was concentrated and subjected to flash chromatography (SiOz, 
10% MeOH in EtOAc) to afford 164 mg (91%) of (14) as a colorless oil. [ap - +5.8 (c = 1.36, 
CHCI3); Fim (neat) 1466, 1383, 1364, 735, 697 cm'^ 'H NMR (400 MHz, CDCI3) 6 7.36-7.26 
(m, lOH), 4.51 (s, 6H), 3.50 (dd, 9.4, 4.4 Hz, 2H), 3.77 (dd, 7= 9.4, 6.8 Hz, 2H), 2.62-2.56 
(m,4H),2.53 (dt, J= 6.6, 4.7 Hz, 2H), 1.54-1.47 (m,4H), 1.23 (bs,2H),0.91 (d, J=6.9Hz,6H), 
0.89 (d, y= 6.9 Hz, 6H); ^^C NMR (100 MHz, CDCI3) 5 138.45, 128.27, 127.54, 127.45, 73.14, 
70.33, 62.62, 48.00, 28.86, 28.36, 18.91, 18.25; HRMS calculated for C2gH45N202 (M+H)^ 
required 441.3481, found 441.3504. 

EXAMPLE2 

Scheme B depicts the reaction scheme of this example iipon attempting to foim a valine- 
deiived cyclic phosphonamide (1). 

Scheme B 




A solution of compound (14) (6.5 mg, 0.048 mmol) and CHjClj (100 pi) was cooled in 
a O'^C ice bath, and EtjN (23 pi, 0.17 mmol) was slowly added. Dichlorophenylphosphine (6.5 
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pi, 48.0 junol) was dissolved in CHjClz (100 pi) and added drop-wise over 1 minute. The 
reaction was wanned to room temperature for 5 minutes, then lecooled in a 0 °C ice bath. Next, 
m-chloropeibenzoic add (mCPBA) (17.7 mg, 0.072 mmol) was added to the salt slurry. After 
warming to room temperature, the reaction was concentrated under reduced pressure, and the 
5 slurry was subjected to flash chromatography (EtOAc) to afford 18.5 mg (75%) of (1) as a 
colorless oil. [a]" = -54.1 (c = 0.15, CHCl3);FnR (neat) 1468, 1453, 1384, 1362, 1207 (P=0), 
725. 698 cm '; 'H NMR (400 MHz, CDCI3) 8 7.92-7.69 (m. 2H), 7.41-7.24 (m. 13H), 4.61 (d. 
J= 1 1.8 Hz, IH), 4.37, (d, J = 13.0 Hz, IH), 4.36 (s, 2H), 3.77-3.67 (m, 2H), 3.66-3.58 (m, IH), 
3.53 (dd, J= 10.0, 7.0 Hz. IH), 3.47-3.38 (m, 2H). 3.34-3.17 (m, 3H),2.92 (dddd, Jhh= 14.2 Hz, 

10 Jhp = 10.4 Hz, 7hh = 7.0, 3.2 Hz, IH), 1.98-1.87 (m, 2H), 1.78-1.54 (m, 4H), 1 .01 (d, J= 6.7 Hz, 
3H), 0.80 (d, y= 6.5 Hz, 3H), 0.80 (d, J= 6.5 Hz, 3H), 0.44 (d, J= 6.7 Hz, 3H); "C MMR (100 
MHz, CDClj) d 138.70, 138.39, 133.71 (d, Ja= 145.7 Hz), 130.64 (d, = 2.8 Hz), 128.27, 
128.14, 127.73, 127.68, 127.60, 127.55, 127.51, 127.27, 73.09, 72.76, 71.57,71.52, 62.46 (d,7cp 
= 7.0 Hz), 61.44 (d, J^f = 6.4 Hz), 42.23, 42.45, 29.32, 2836, 27.14, 27.09, 21 .42, 21.09. 20.37, 

15 2026;^>PNMR(162MHz,CDCl3)629.05;HmScalculatedfo^ 
563.3403, found 563.3417. 
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EXAMPLE 3 

Scheme C depicts the reaction scheme followed m Parts I-IU of this example. 
Scheme C 
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/. Preparation of Phenylalanme-Derived Diamide (16a) 

M^-dimethyl phenylalanine (15) ( 1 . 1 9 g, 6^2 mmol), Et^n (1 .29 ml, 9.3 mmol), and 1 ,4- 
diamino butane (303 jil, 3.0 mmol) were dissolved in CH3CN (50 mL). 0-benzotriole- 
NJ^,N',N'-tettamethyl-mt>niiim4iexafluoro-phoq)^^ (HBTU) was added, and the reaction 
mixture was stirred at room temperature for 30 minutes, and then concentrated imder reduced 
pressure. The mixture was vacuum filtered (EtOAc), further concentrated under reduced 
pressure, and subjected to flash chromatography (EtOAc, then 10% EtjN in EtOAc) to afford 
1.06 g (80%, non-optimized) of (16a) as white crystals, [a]^ = -105.7 (c = 0.19, CHCI3); FTIR 
(neat) 1649, 1455, 1384, 748, 700 cm'^; *HNMR (400 MHz, CDCI3) 8 7.19-7.16 (m,8H), 6.89 
(t,/= 5.7 Hz, 2H), 6.40 (s, IH), 5.90 (s, IH), 3.13-3.04 (m, 6H), 3.12 (dd, J= 12.7, 5.3 Hz, 2H), 
2.79 (dd, J= 13.4, 5.1 Hz, 2H), 2.23 (s, 12H), 1.24 (s, 4H); '^C NMR (100 MHz, CDCI3) 5 
171.68, 139.44, 128.88, 127.91, 125.69, 70.61, 41.91, 38.25, 32.84, 26.52; HRMScalculatedfor 
C25H3j^402(M+H)* required 439.3073, found 439.3074. 

R Preparation ofPhenylalanine-Derived Diamine (16) 

LAH (304 mg, 8.0 mmol) was added to a solution of compound (16a) (433 mg, 0.99 
romol) and dioxane (5 mL) at room temperature. The flask Avas equipped with a condenser and 
heated to reflux for 3 hours. The reaction was cooled to room temperature and quenched over 
a 30 minute period with water and Glauber's salt (NajSO** 10 H2O). The reaction mixture was 
stiired for an additional 30 minutes, and filtered over a pad of Celite (CHjCy. The CH2CI2 was 
washed with brine, dried (Na2S04), and concentrated under reduced pressure to afford 338 mg 
(83%, non-optimized) of (16) as a colorless ofl. [a]^^ = +18:8 (c = 2.43, CHCI3); FTIR (neat) 
1495, 1454, 1373, 740, 699 cm"*; ^HNMR (400 MHz, CDCI3) 5 7.25-7.21 (m, 4H), 7.15-7.10 
(m, 6H), 2.92-2.82 (m, 4H), 2.52-2.42 (m, 6H), 2.28 (s, 12H), 1 .44-1.40 (m, 4H); ^^C NMR (100 
MHz,CDCl3)6 140.02, 128.94, 128.23, 125.71,64.84, 49.50, 49.46, 40.05,31.40,27.63;HRMS 
calculated for C26H43N4(M+H)* requned 41 1.3488, found 411.3495. 

m. Preparation of Phenylalanine-Deriyed Cyclic Phosphonamide (2) 

> 

A solution of compound (16) (47 mg, 0.12 mmol) and CHjClj (500 jil) was cooled in a 
0 ° C ice bath, and EtgN (66 jil, 0 .48 mmol) was added, and the mixture was stined for 5 minutes . 
Dichlorophenylphosphine (19 jil, 0.14 mmol) was added, and the reaction was warmed briefly 
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to room temperature, and then recooled in a O'C ice bath. Next, mCPBA (35 mg, 0.21 mmol) 
was added in one portion to tiie salt shmy. Aft» warming to room tempea:atUTe, the reaction was 
concoitrated under reduced pressure and the slurry was subjected to flash chromatography (10% 
EtjN in EtOAc, then 20% EtjN in CH3CN) to afford 48 mg (68%, non-optimized) of (2) as a 
colorless oU. [a]" =+1 8.5 (c= 0.054, CHCl3);FTIR (neat) 1453, 1437, 1378. 1201 (P=0),737, 
698 cm '; 'HNMR (400 MHz, CDCI3) 5 7.83-7.78 (m, 2H), 7.52-6.96 (m, 13H), 329-2.92 (m, 
6H), 2.84-2.55 (m, 5H), 2.35-2.27 (m, 3H), 2.18 (s. 6H), 2.06 (s, 6H), i.81-1.48 (m, 4H); "C 
NMR (100 MHz, CDCI3) 8 140.93, 140.85, 13237 (d, = 8.5 Hz), 130.64, 129.59 (d, = 
212.0 Hz), 128.99, 128.85, 12825, 128.11. 127.79 (d, Jq. = 13.3 Hz), 125.61, 125.50, 65.25, 
6521, 64.79, 64.79, 64.76, 47.08, 46.94, 40 J4, 4029, 33.00, 32.36, 28.39, 28.02; "PNMR(162 
MHz, CDCI3) 6 29.14; HRMS calculated for QzH^N^OP (M+H)* required 533.3409, found 
533.3427. 

EXAMPLE 4 

Scheme D depicts the reaction scheme followed in Parts I-in of this «canq>le. 
Scheme D 
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/. Preparation ofLeucine-Derived Phthalic Diamide (1 7a) (as a mixture ofrotamers 

A solution of allylated leucine methyl estar (8) (308 mg, 1.67 mmol), 
4-dimethylaininopyTidine(DMAP) (20 mg, 0.17 mmol), EtjN (405 ^l, 2.91 nunol) and CHjClj 
(7 mL) was cooled ina 0°C ice bath. Phthaloyl dichloride (120 {il. 0.83 mmol) was added drop- 
wise, and the sluny was warmed to room temperature. After 30 minutes, the reaction was 
partitioned between EtOAc (10 mL) and HjO (10 mL), and the water layer was extracted twice 
with EtOAc (5 mL). The organic layers were combined, washed with brine, dried (Na2S04), and 
concentrated undo: reduced pressure. Flash chromatography (2: 1 Hexanes/EtOAc) afforded both 
a single spot (TLC) and a single peak (GC, 97%) of 398 mg (96%) of (17a) as a mixture of 
notamers. [o]" = -64.8 (c = 0.66, CHClj); FTIR (neat) 1743, 1647, 1456, 1436, 1410,754 cm-'; 
'HmiR (400 MHz, CDCI3) 6 7.40-7.32 (m, 4H), 5.93-5.79 (m, 2H), 5.23-5.10 (m, 4H), 4.32 
(bs, 2H). 3.97-3.87 (m, 2H). 3.78-3.68 (m, 8H), 2.1 1-1.60 (m. 6H), 0.96-0.70 (m, 12H); "CNMR 
(100 MHz. CDCI3) 5 171.97, 170.75, 136.44, 135.21, 129.07, 126.80, 117.83, 56.78. 52.10, 
46.86, 38.74, 25.79, 23. 1 8, 22.99; HRMS calculated for C2,H4,NA (M+H)* required 501 .2965, 
found 501.2971. 



R Preparation of Leucine-Derived Bicyclic Diamide (1 7) 

A solution of compound (17a) (70 mg, 0. 14 mmol) and CH2CI2 (14 mL) was purged with 
argon gas for 5 minutes. The solution was brought to reflux and Grubbs catalyst (18 mg, 21.9 
Mmol) was added in three 6 mg portions over a 24-hour period. After 36 hours, flie reaction was 
concentrated imder reduced pressure and subjected to flash chromatography (1:1 Hex- 
anes/EtOAc) to afford 64 mg (97%) of (17) as a colorless oil. [a]^ = -43.6 (c = 0.51, CHCI3); 
FnR(neat) 1741, 1650, 1430, 1412, 1367, 1331, 756 cm'; 'HNMR(400MHz, CDCI3) 5 7.46- 
7.44 (m, 2H), 739-7.37 (m, IH), 7.31-7.28 (m, IH), 5.85 (s, IH), 5.75 (s. IH), 5.09 (s^lH), 435 
(s, IH), 4.09-4.01 (m, IH), 3.96 (dd,y= 152, 6.0 Hz, IH), 3.75 (s, 3H), 3.75 (s, 3H), 3.70-3.57 
(m,2H), 2.20-2.13 (m, IH), 1.98-1.86(ni, IH), 1.75-1.61 (m,4H), 1.00-0.96(m. I2H); '^CNMR 
(100 MHz, CDCI3) 6 172.25, 171.75, 169.93, 169.47. 134.62. 134.49. 131.59, 129.54, 129.42, 
129.24, 127.44. 126.73. 56.92, 56.02, 52.18. 52.18, 45.66, 42.83, 39.27, 3837. 2536, 25.11, 
22.76, 22.64, 2230, 22. 1 8; HRMS calcdated for C^^^jPe (M+H)* required 473.2652, found 
473.2646. 
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UL Preparation of Leucine-Derived Diamine (18) 

In a scalable pytex test tube, compound (17) (100 mg, 0.21 mmol) was dissolved in HQ 
saturated MeOH (3 mL). capped, and heated in a 1 15 "C oU bath. After 72 hours, the reaction 
mixture was cooled to room temperature and then concentrated undo: reduced pressure. EtO Ac 
(2 mL) was added, and the reaction mixture was cooled in a 0°C ice bath. EtjN (1 mL) was 
added, and the reaction mixture was slowly wanned to room temperature and stirred for 1 hour. 
The reaction mixture was concaitrated under reduced pressure and subjected to flash 
chromatogr^hy (1:1 Hexanes/EtOAc) to afford 24 mg (36%) of (18) as a coloriess oil. [a]" = 
+12.0, (c = 0.05, CHCij); FnR(neat) 1737, 1468, 1433, 1368 cm'; 'HNMR (400 MHz, CDCI3) 
5 5.56 (dd, J= 4.5, 4.5 Hz, 2H), 3.72 (s, 6H), 3.29-3.21 (m, 4H), 3.09 (dd, J= 13.2, 4.8 Hz, 2H), 
1.76-1.66 (m, 2H), 1.54 (bs, 2H), 1.47-1.43 (m, 4H), 0.92 (d, J= 6.6 Hz, 6H), 0.89 (d, J= 6.6 
Hz, 6H); "CNMR (100 MHz, CDCI3) 8 176.44. 130.17. 5934, 51.60, 44.62, 42.85, 24.90. 
22.66, 22J5; HRMS calculated for C^^My^fi^ (M+H)* required found 343.2619. 

IV Preparation ofLeucine-derived cyclic phosphonamide (3) 

Compound (18) (10.5 mg, 30.7 jimol), CH^Clj (1 mL), Et,N (20 ^1, 0.14 mmol), 
dichlorophenylphosphine (54 jU, 39.9 jmiol) and mCPBA (12 mg, 0.05 mmol) afforded a slurry 
that was subjected to flash duomatography (EtOAc) to yield 12.3 mg (86%) of a colorless oiL 
[a]" = +108.3 (c = 0.072, CHCI3); FDR (neat) 1731, 1430, 1388, 1368, 1204 (P=0), 748, 702 
cm '; 'H NMR (400 MHz, CDCI3) 5 7.86 (dd. = 12.1 Hz, = 6.8 Hz, 2H). 7.55-7.50 (m, 
IH), 7.47-7.43 (m, 2H), 5.75-5.64 (m, 2H), 4.18 (ddd, J= 9.1, 6.3, 6.3 Hz, IH). 4.08 (ddd, 
= 13.3 Hz, Jhh= 5.8, 5.8 Hz, IH), 4.02-3.81 (m, 3H), 3.76-3.70 (m, IH), 3.68 (s, 3H), 3.46 (s, 
3H), 1.78-1.66 (m,2H), 1.65-1 .57 (m,2H), 1.55 (ddd, 7= 14.3, 7.2, 72 Hz, HQ, 1.40(ddd, J= 
13.9. 6.3, 6.3 Hz, IH), 0.90 (d, J= 6.4 Hz. 3H), 0.86 (d, J= 6.6 Hz, 3H), 0.73 (d, ^ = 6.6 Hz, 
3H), 0.68 (d, J= 6.6 Hz, 3H); "C NMR (100 MHz, CDCI3) 5 173.49, 173.16, 132.71 (d, Ji, = 
9.0 Hz), 131.81, 131.78, 129.2 (d,Ji,= 181.1 Hz), 128.23 (d, Jcp = 13.4Hz), 128.22, 56.43 (d, 
Ja = 7.0 Hz). 55.80 (d, = 6.0 Hz), 5 1.88, 51.46, 4U7 (d, = 2.8 Hz), 40J3 (d, J^, = 2.8 
Hz), 39.47, 39.15 (d.J'cp .= 4.9 Hz), 24.62, 24.42, 22.97, 22.61, 22.30, 21.96; "P NMR (162 
MHz, CDCI3) 8 29.56; HRMS calculated for C24H38N2O5P (M+H)* required 465.2518, found 
465.2521. 
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EXAMPLES 



Scb^e E depicts the reaction scheme followed in this example to prepare valine-derived 
phosphonamidic dichloridate (10). 



A solution of POCI3 (1.14 g, 7.45 mmol) and CHjClj (7.5 mL) was cooled in a 0°C ice 
bath. Next, EtjN (2.26 g, 22.35 mmol) and DMA? (46 mg, 0.37 mmol) were added slowly, and 
the solution was wanned to room temperature and stirred for 1 5 minutes. Allylated valine methyl 
ester (9) (1.40 g, 8.19 mmol) was added, and the reaction was brought to reflux and stined 
overnight The reaction was concentrated under reduced pressure and partitioned between 
EtOAc (25 mL) and water (25 mL). The layers were separated, and the aqueous layer was 
washed with EtOAc (3 X 5 mL). The organic layers were combined, washed with brine, dried 
Qi^SO^, and further concentrated under reduced pressure. Flash chromatography (10:1 
Hexanes/EtOAc) afforded 1.61 g (75%) of(10)as a colorless oil. [a]^= -44.9 (c= 0.55, CHCI3); 



FTIR(neat) 1745, 1437, 1373, 1276 (P=0) cm*'; 'HNMR(400MH2,CDCl3)55.86(dddd,/= 
16.8, 10.1, 6.6, 6.6 Hz, IH), 5.26 (dd, J= 17.0, 0.8 Hz, IH), 5.20 (d,y= 10.1 Hz, IH), 3.99-3.75 
(m, 2H), 3.96 (dd, = 18.0 Hz, Jhp = 10.6 Hz, IH), 3.71 (s, 3H), 2.39-2.27 (m, IH), 0.98 (d, 
J= 6.6 Hz, 3H), 0.95 (d, J= 6.6 Hz, 3H); ''C NMR (100 MHz, CDCI3) 8 170.48 (d, Jcp = 3.1 
Hz), 132,48 (d, - 2.5 Hz), 1 19.63, 65.73 (d, Ji, = 2.1 Hz), 5 1.96, 48,44 (d, Jcp = 4.6 Hz), 
27.70 (d, JcP = 4.2 Hz), 19.70, 19.60; ^'P NMR (162 MHz, CDCI3) 5 19.57; HRMS calculated 
for CyHiyCljNOa? (M+H)* required 288.0323, found 288.0337. 



Scheme E 




a 



10 
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EXAMPLE6 

Scheme F depicts the reaction schemes followed in Parts I-IV of this example. 
Scheme F 
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Z Preparation of Valme-Daived Acyclic Phosphonamidic Chloridate (20a) 

A solution of compound (10) (499 mg, 1.73 mmol) and CH2CI2 (3.5 mL) was cooled in 
a 0°C ice bath. Next, Et^ (526 mg, 5.20 mmol) and DMAP (21 mg, 0.17 mmol) were added 
slowly, and the solution was wanned to room temperature, stirred for 15 minutes, then cooled 
in a -78 °C acetone/C02(s) bath. Allyl amine (99 mg, 1.73 mmol) was added drop-wise, and the 
reaction slowly wanned to room tenqierature over the course of 12 hours. He aade reaction 
mixture was partitioned b^een CHjClj (25 mL) and watCT (25 mL), ttie layeB were separated, 
and the aqueous layer was washed with CHjCl, (3x5 mL). The organic layers wwe combined, 
washed with brine, dried O^ajSO^), and concMitrated under reduced pressure. Flash dhrbmatog- 
i^hy (4:1 Hexanes/EtOAc, then 2:1 Hexanes/EtOAc) afforded 144 mg (27%) of (10a) as a 
mixture of inseparable diastereomers (<is = 3 .8: 1 .0 as determined by ^'P NMR) as a yellow oiL 
Fim (neat) 1740, 1435, 1371, 1231 (P=0)cm-'; 'H NMR (400 MHz, CDClj) 5 5.94-5.80 (m. 
4H), 5.25-5.12 (m, 8H), 4.02-3.73 (m, 5H), 3.70 (s, 3H), 3.69 (s. 3H), 3.67-3.59 (m, 7H). 2.32- 
2.20 (m, 2H), 1.01 (d, J= 6.6 Hz, 3H), 1.00 (d, 7= 6.4 Hz, 3H), 0.93 (d. /= 6.5 Hz, 3H), 0.92 
(d, J= 6.5 Hz, 3H); "C NMR (100 MHz, CDCI3) 5 171.93, 171.91, 134.86, 134.86, 134.77, 
134.77, 1 18.15, 118.15, 1 16.55, 116 JO, 64.91 (d, J„ = 3.3 Hz), 64.67 (d, J^, = 3.0 Hz), 51.80. 
51.70, 47.53 (d, Jcp = 3.6 Hz), 47.27 (d, Jo, = 3.7 Hz), 43.79, 43.73, 27.52 (d, = 5.1 Hz), 



i 



wo 02/14344 



PCTAJSOl/41606 



24 

27J26(d, Ja.=2.9Hz), 19.85, 19.76, 19.71, 19.43; ^'PNMR (162 MHz, 00013)525.44, 25.05; 
HRMS calculated for OijHaClNjOjP (M+H)* required 309.1 135, found 309.1 125. 

n. Preparation of Cyclic Phosphonamidic CMoridate (11) Diastereomers 

A solution of compound (10a) (105 mg, 0.34 mmol) and CHjOl^ (12 mL) was purged 
with argon for 10 minutes. Grubbs Catalyst 1 (8 mg, 10 ^mol) was added, and the solution was 
brought to reflux and monitored by TLO. The reaction was concentrated under reduced pressure 
and subjected to flash chromatography (3:1 Hexanes/EtOAc, then 2:1 Hexanes/EtOAc)toa£Foni 
36 mg (38%) of one diastereomer (11a) and 14 mg (15%) of the other diastereomer (lib), both 
as white solids. 

Charactoization of the single diastereomer (11a) was as follows: mp 87-88 °0; = 0.46 
(l:2Hexanes/EtOAc); [a]^= -87.6 (c =0.45, CHCl3);FTIR(neat) 1737, 1450, 1436, 1370, 1249 
(P=0) cm-'; 'HNMR (400 MHz, CDCl,) S 5.75-5.71 (m, IH), 5.61-5.57 (m. IH), 4.01-3.73 (m. 
3H),3.99(dd, Jhh= 10.1 Hz,Jhp= 10.1 Hz, 1H),3.71 (s,3H), 3.68-3.42 (m,2H), 2.12-2.03 (m, 
IH), 1.00 (d, J= 6.7 Hz, 3H), 0.92 (d,V= 6.6 Hz, 3H); "O NMR(100 MHz, CDCI3) 5 171.75, 
128.20, 127. 19, 64.24 (d, Ji, = 2.1 Hz). 5 1 .62, 40.69 (d, JJ, = 3.7 Hz), 40. 16, 28.34 (d, j;, = 6.9 
Hz), 1920, 19.01; ^'P NMR (162 MHz, ODCI3) « 27.41; HRMS calculated for 0,oH,<,01NAP 
(M+H)* required 28 1 .0822, found 28 1 .08 1 5. 

Characterization of the single diastMeomer (lib) was as follows: mp 115-1 IVC; = 
0.32(l:2Hexanes/EtOAc); [a]"=-37.4(c=0.19,CHCl3);FTIR(neat) 1738, 1469, 1437, 1389, 
1241 (PO)cm-'; 'HNMR (400 MHz, CDCI3) 5 5.65-5.60 (m, IH), 5.55-5.50 (m, IH), 4.04-3.88 
(m, 2H), 4.02 (dd, = 1 1.4 Hz, = 1 1-4 Hz. IH), 3.66 (s, 3H), 3.64-3.39 (m, 3H), 2.27-2.17 
(m. IH), 0.98 (d, J= 6.8 Hz, 3H), 0.92 (d, J= 6.5 Hz. 3H); "C NMR (100 MHz. ODOI3) 8 
171.80 (d, Ja = 7.9 Hz). 127.40, 127.22, 63.94 (d, J„ = 4.0 Hz), 51.78, 39.77, 39.67 (d, = 
5.1 Hz), 26.72, 19.37, 19.22; ^'P NMR (162 MHz, ODOI3) « 27.81; HRMS calculated for 
CioHjsCINaO,? (M+H)* required 281.0822, found 281.0831. 

Ul. Preparation ofValine-DerivedAcylcic Bis-AUyloxyphosphonamidme (10b) 

A solution of aUyl alcohol (21 0 mg, 3.61 mmol) and TEIF (1 .8 mL) was cooled in a 0 "0 
ice bath. Sodium bis(tiimethylsilyl)amide (3.5 mL of 1 .0 M solution in THF) was added, and 
the solution yras warmed to room temperature and stirred for 30 minutes. In sq)aiate flask, a 
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solution of (10) (506 mg, 1 .76 mmol) and THF (1 .8 mL) was cooled in a - WC (NaCl saturated) 
ice bath. Tb& all^oxide solution was cannulated into ibe solution of (10) at •10°C, and the 
solution was stiired for 1 hour. The reaction was quenched with NH4CI (aq) and concentrated 
under reduced pressure. The crude reaction mixture was partitioned between EtO Ac (25 mL) and 
water (25 mL), flie layers were separated, and the aqueous layer was washed with EtOAc (3x5 
mL). The organic layers were combined, washed with biine, dried (Na2S04), and further 
concentrated under reduced pressure. Flash chromatography (6:1 Hexanes^tOAc, dien 5:1 
Hexanes/EtOAc) afforded 401 mg (69%) of (10b) as a coloriess oil. TLC R, = 0.46 (1:1 
Hexanes/EtOAc); [a]" = -25.7 (c= 0.46, CHClj);?™?. (neat) 1738, 1434, 1370, 1262(P=0)cm' 
\ 'HNMR (400 MHz, CDCI3) 8 5.98-5.88 (m, 2H), 5.84 (dddd, /= 16.8, 10.1, 6.6, 6.6 Hz, IH), 
5.36-5.31 (m, 2H), 523-5.20 (m, 2H), 5.14 (dd,y= 17.1, 1.2 Hz, IH), 5.05 (d,J= 10.1 Hz, IH), 
4.60-4.41 (m,4H), 3.80 (dd,yHH= 11.4 Hz./hp= 114 Hz, IH), 3.81-3.58 (m, 2H), 3.68 (s, 3H), 
2.31-2.19 (m, IH), 1.00 (d, J= 6.7 Hz, 3H), 0.91 (d, J= 6.5 Hz, 3H); "C NMR (100 MHz, 
CDCI3) 5 172.42 (d, Jcp = 3.2 Hz), 135.66, 133.08 (d, = 7.2 Hz), 133.01 (d, J^f = 7.5 Hz), 
1 17.37, 1 17.33, 1 1 7.00, 67.01 (d, = 5.4 Hz), 66.68 (4 Ja = 5.0 Hz), 64.85 (d, Jcp = 4.9 HzX 
5123,46.63(d,Jia>=3.4Hz),27.44(d,J'cp=3.4Hz), 19.82, 1 9.23; "P NMR (162 MHz, CDCI3) 
8 10.95; HRMS calculated for CijHijNOjP (M+H)* required 332.1627, found 332.1614. 

iK Preparation of Cyclic bis-allylaxyphosphonamidatie (12) Diastereomers 

A solution of (10b) (43 mg, 0.13 mmol) and CHjClj (7 mL) was purged with aigonfor 
10 minutes. Grubbs Catalyst 1 (3 mg, 4 fmiiol) was added, and the solution was brought to reflux 
and monitored by TLC. The reaction was concentrated under reduced pressure and subjected to 
flash cbromiatography (4:1, then2:l Hexanes/EtOAc) to afford 23 mg (59%) of one diastereomer 
(12a) and 16 mg (41%) of tibie other diastereomer (12b), both as colorless oils. 

Characterization of the single diastereomer (12a) was as follows: Rf = 0.54 (1:2 
Hexanes/EtOAc); [a]^=-10.7(c=0.15,CHCl3);FnR(neat) 1737, 1457, 1394, 1263 (P=0)cm- 
'; 'HNMR(400 MHz, CDCI3) 8 5.92 (dddd, J= 15.9, 10.6, 5.4, 5.4 Hz, IH), 5.79-5.75 (m, IH), 
5.63 (dddd, y« 1 1.5, 4.7, 22, 22 Hz, IH), 5.33 (ddd, 17.0, 3.0, 1.5 Hz, IH), 5.21 (dd, J- 
10.5, 1.2 Hz, IH), 4.99-4.92 (m, IH), 4.55-4.52 (m, 2H), 4.48-436 (m, IH), 3.88 (dd, Jhh = 9.9 
Hz, Jhp = 9.9Hz, IH), 3.88-3.63 (m, 2H), 3. 69 (s,3H), 2. 11 -2.02 (m, IH), 1.03 (d,7=6.6Hz, 
3H), 0.91 (d, J= 6.6 Hz, 3H); "C NMR (100 MHz, CDCI3) 5 172.42, 133.02 (d, J^p = 7.4 Hz), 
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128.66, 125.91, 117.23, 67.37 (d,ycp=5.5 Hz), 64.49(d,Jcp = 4.3 Hz), 63.81 (d, Jcp = 4.8 Hz). 
51 .50, 40.40 (d, Ji, = 3.0 Hz), 28.30 (d, Jcp = 5.5 Hz), 19.23, 19.09; ^'P NMR (1 62 MHz, CDCI3) 
5 15.04; HRMS calculated for CuHjjNOjP (M+H)* required 304.1314, found 304.1335. 

Characterizatioa of the single diastereomer (12b) was as follows: Rf = 0.51 (1*2 
Hexanes/EtOAc); [a]^ = +17.5 (c = 0.04, CHCI3); FTIR (neat) 1737, 1462, 1370, 1264 (P=0) 
cm '; 'H NMR (400 MHz, CDCI3) 5 5.94 (dddd. 7= 16.1, 10.6, 5.4, 5.4 Hz, IH), 5.65-5.60 (m, 
IH), 5.55 (dddd, J= 1 1.4, 4.7, 2.1. 2.1 Hz, IH), 5.34 (ddd, J= 17.2, 3.0, 1.4 Hz, IH), 5.22 (dd, 
J= 10.4, 1.3 Hz, IH), 4.94-4.87 (m, IH), 4.59-4.55 (m, 2H), 4.35 (ddd, J^^i = 25.7 Hz, J^=\6.0 
Hz, JhhS.OHz. lH),3.89(dd, Jhh= 11.0Hz,yHP=11.0Hz, IH), 3.92-3.83 (m. lH),3.64(s,3H), 
3.50 (ddd, /hh « 23.7 Hz, = 17.8 Hz, = 6.2 Hz, IH), 2.24-2.13 (m, IH), 0.96 (d, J= 6.8 
Hz, 3H). 0.89 (d, J= 6.5 Hz, 3H); "C NMR (100 MHz, CDCI3) 5 172.18 (d, Jcp = 5.6 Hz), 
133.01 (d, Jcp =7.4 Hz), 128.95, 125.37, 117.52, 67.74(d,Jcp = 5.2 Hz), 64.11 (d, Jcp = 5.6Hz), 
62.98 (d,Ja,= 4.6 Hz), 51.60, 39.60 (d,Jcp = 3.7 Hz), 26.70, 19.30, 18.83; ^'PNMR (162 MHz, 
CDCI3) 8 15.39; HRMS calculatedfor CuHjjNOjP (M+H)* required 304.13 14, found 304.1296. 
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EXAMPLE? 



Scheme G depicts the reaction schemes followed in Parts MI of this example. 
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/. Preparation of Acyclic Phosphonamidic Chloridate (7) 

A solution of POCI3 (165 mg, 1.08 mmol) and CH^Cla (1.4 mL) was cooled in a 0°C ice 
bath. Next, Et^^ (708 mg, 6.99 mmol) and DMAP (1 3 mg, 0. 1 1 mmol) were added slowly, and 
the solution was wanned to room temperature and stirred for 1 5 minutes. Benz>d allyl amine (6) 
(325 mg, 2.21 mmol) was added, and the reaction mixture was brought to reflux and stirred 
overnight The crude reaction mixture was partitioned between CHjClj (20 mL) and water (20 
mL), the layers were separated, and the aqueous layer was washed wifli CH2CI2 (3x5 mL). The 
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organic layers were combined, washed with brine, dried (Na2S04), and concentrated xinder 
reduced pressure. Flash chromatography (10: 1 Hexanes/EtOAc) afforded 332 mg (82%) of (7) 
as a yellow oil. FITR (neat) 1641, 1242 (P=0), 735, 699 cm'^; NMR (400 MHz, CDCI3) 8 
7.36-7.26 (m, lOH), 5.82 (dddd, 7- 16.7, 10.2, 6.5, 6.5 Hz, 2H), 5.25 (d, /= 10.1 Hz, 2H), 5.14 
(dd, J= 17.1, 1.4 Hz, 2H), 4.39 (dd, = 15.1 Hz, J^.- 12.1 Hz, 2H), 4.32 (dd,/HH= 152 Hz, 
Jhp = 1 1 .0 Hz, 2H), 3.63-3.58 (m, 4H); NMR (1 00 MHz, CDCI3) 5 1 36.37 (d, = 4.4 Hz), 
132.81 (d,ya, = 2.8Hz), 128.63, 128.57, 127.64, 1 19.56, 48.94 (d,JcP = 4.5 Hz), 48.17 (d,JcP 
= 3.7 Hz); NMR (162 MHz, CDCI3) 5 29.14; HRMS calculated for QoH^^ClNjOP (M+H)* 
required 375.1393, found 375.1391. 

n. Preparation of Cyclic phosphonamidic chloridate (8a) 

A solution of compound (7) (160 mg, 0.43 mmol) and CH2CI2 (15 mL) was purged with 
argon for 10 minutes. Grubbs Catalyst 1 (1 1 mg, 13 fimol) was added, and the solution was 
brought to reflux for 45 minutes and monitored by TLC. The reaction was concentrated under 
reduced pressure and subjected to flash chromatography (8:1 Hexanes/EtOAc, then 4:1 
Hexanes/EtOAo) to afford 147mg(99%)of(8a)asayellowoil. FTIR(neat) 1243 (P=0),765, 
720,697 cm-VHNMR(400 MHz, CDCyS 7.38-728 (m, 1 OH), 5.51 (dd, 7= 2.4, 2.4 Hz, 2H), 
4.47 (dd, Jhh = 15.4 Hz, Jhp = 102 Hz, 2H), 4.36 (dd, Jhh = 15.4 Hz, Jhp = 10.2 Hz, 2H), 3.79 
(ddd, /hp = 17-9 Hz, = 17.9, 2. 1 Hz, 2H), 3.60 (ddd, = 1 8.5 Hz, Jhp = 1 6.4 Hz, = 2,2 
Hz, 2H); NMR (100 MHz, CDCI3) 6 137.13 (d, Jcp = 5.5 Hz), 128.50, 127.95, 127.52, 
126.90, 52.29 (d, Jcp = 52 Hz), 44.8? (d, Jcp = 4.5 Hz); ^^P NMR (1 62 MHz, CDCI3) 5 32.52; 
HRMS calculated for CigH^jGlNaOP (M+H)^ required 347.1080, found 347.1098. 

III. Preparation of Ayclic phosphonamide (8b) 

A solution of MeOH (1 1 mg, 0.35 mmol) and THF (88 fxL) was cooled in a 0 °C ice bath. 
Sodium bis(trimethylsilyl)amide (1 75 jiL of 1 .0 M solution in THF) was added, and the solution 
was wanned to room temperature and stirred for 15 minutes. In a sq)arate flask, a solution of . 
compound (8a) (60 mg, 0.17 mmol) and THF (88 fiL) was cooled in a 0°C ice bath. The sodium 
methoxide solution was cannulated into the solution of compound (8a) at 0 °C, and the solution 
was wanned to room temperature and stirred for 2 hours. The crude reaction mixture was 
partitioned between EtOAc (10 mL) and water (10 mL), the layers were separated, and the 
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aqueous layer was washed with EtOAc (3x2 mL). The organic layers were combined, dried 
(^32804), and concCTLtratedunderreduced pressure. Flash chromatography (3:1 Hexanes/EtOAc, 
then 1:2 Hexanes/EtOAc) afforded 58 mg (100%) of (8b) as a yellow oil. FUR (neat) 1454, 
1358, 1231 (P=0), 761, 725, 697, 670 cm'; 'HNMR(400 MHz, CDCy 5 7.37-7.24 (m. lOH), 
5.50 (dd,J= 2.3, 2.3Hz, 2H), 4.48 (dd, j;a= 15.3 Hz, 7^= 9.1 Hz, 2H), 4.08 (dd, Jhh= 15.3 Hz, 
7hp= 5.9 Hz. 2H), 3.78 (d. Jhp= 1 l-O Hz. 3H), 3.60 (ddd,/^?" 17.6 Hz,yHH= 176, 23 Hz, 2H). 
3.49 (ddd, Jgf = 17.7 Hz, J„H = 17.7, 2.3 Hz, 2H); "C NMR (100 MHz, CDClj) 8 138,82 (d, Jf, 
=4.6Hz), 128.40, 127.92, 127.36, 127.15, 52.49 (d,Ji,= 5.0 Hz), 51.43 (d, Jcp = 4.0 Hz), 43.55 
(d, Jc = 5.6 Hz); NMR (162 MHz, CDCI3) 8 22.99; HRMS calculated for Cjj^j^NjO^P 
(M+H)* required 343.1575, found 343.1579. 
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EXAMPLES 

Scheme H depicts the reaction schemes followed in Parts I-II of this example. 
Schone H 
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/. Preparation of Acyclic Leucine-Derived Phosphonaadde (14) 

A solution of PCI3 (50 pL, 0.57 mmol) and E^O (5 mL) was cooled in a -lO^C ^aCl 
saturated) ice bath. Allylated leucine methyl ester (13) (477 mg, 2.58 mmol) in Eif> (2 mL) was 
. added via cannulae. After addition, the solution was wanned to reflux andheaiedovemi^^t The 

25 reaction was concentrated under reduced pressure and subjected to flash chromatography (1:1 
Hexanes/EtOAc) to afford 112 mg (47%) of (14) as a colorless oiL [o]^ = +8.9 (c = 0.12, 
CHCl3);FTIR(neat) 1740, 1436, 1369, 1219(P=O)cm-';'HNMR(400MHz,CDCl3)86.99(d, 
/hp = 593.4 Hz, IH), 5.83-5.72 (m, 2H), 5.16-5.01 (m, 4H), 4.18-4.08 (m, 2H), 3.74-3.53 (m, 
4H), 3.65 (s, 3H), 3.64 (s, 3H), 1.75-1.64 (m, 6H), 0.91-0.88 (m, 12H); NMR (100 MHz, 

30 CDQa) 5 173.55 (d, Jcp = 2.2 Hz), 173.44 (d, Jq. = 4.2 Hz), 135.84 (d, J^^ll Hz), 135.47 (d, 
Ja = 2.5 Hz), 117.64, 117.06, 5531 (d, = 4.9 Hz), 55.64 (d, = 7.3 Hz), 51.82, 51.82, 
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46.91 (d, Ji, = 5.9 Hz). 45.17 (d, = 4.4 Hz), 39.91 (d, = 3.0 Hz), 37.95 (d, = 3.0 Hz), 
24:61, 24.08, 22.76,22.58, 21 .84, 21.40; ^'PNMR (100 MHz, CDGj) 5 21 .92; HRMS calculated 
for CajHjjNjOjP (M+H)* required 417.2518, found 417.2525. 

R Preparation of Cyclic Leucine-Derived Phosphonamide (15) 

A solution of compound (14) (10 1 mg, 0.24 mmol) and CHjClj (50 mL) was purged with 
argon gas for 10 minutes. Grubbs Catalyst 1 (7.4 mg, 73 pmol) was added in one portion, and 
the reaction was heated to reflux and monitored by TLC. The reaction was concentrated undw 
reduced pressure and subjected to flash chromatogr^hy (1:1 Hexanes/EtOAc) to aflford 93 mg 
(99%) of(15) as a colorless oU. [a]" = -42.8 (c= 1.55, CHCl3);FnR (neat) 1738, 1457, 1387, 
1369, 1227(P=0)cm-»; 'HNMR (400 MHz, CDCI3) 8 7.02 (d,J«.= 592.1 Hz, IH), 5.54 (s, 2H), 
4.28 (ddd, /hp = 102, 7hh= 5.9 Hz, 5.9 Hz, IH), 4.03-3.96 (m, 2H), 3.77-3.69 (m, IH), 3.65 (s, 
3H), 3.64 (s, 3H), 3.56-3.41 (m, 2H), 1.70-1.54 (m, 6H), 0.92 (d,7= 6.4 Hz, 3H), 0.90-0.87 (m, 
9H); »C NMR (100 MHz, CDCI3) 8 173.47 (d.^. = 2.62 Hz), 172.90, 128.10, 127.79, 56.35 
(d, Ja = 9.0 Hz), 56.16 (4 ^. = 6.9 Hz), 52.09, 52.02, 40.17 (d, JJ, = 3.5 Hz). 40.04 (d, = 
5.2 Hz), 39.23 (d, Jcp= 5.4 Hz), 38.20 (d, Ji,= 33 Hz), 24.59, 24.55, 23.30, 22.96. 21.81, 21.38; 

NMR (162 MHz, CDCI3) 6 24.79; HRMS calculated for C„H34Nj05P (M+H)* required 
389.2205, found 389.2206. 

EXAMPLE 9 

Scheme I depicts the reaction sch^nes followed in Parts I-m of this example. 
Scheme I 




, 17a,R'=a 
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L Preparation o/Fhenylalanine-Derived Virgil Phosphommidic Monochloridate (16a) 

A solution of vinylphosphomc dichloride (345 mg, 2.38 mmol) and CHjClz (1 0 mL) was 
cooled ina-lO'^C (NaCl saturated) ice bath. Next, EtjN (827 jiL, 5.95 mmol) was added slowly, 
followed by the addition of allylated phenylalanine methyl ester (16) (47 1 mg, 2. 14 mmol), and 
flie mixture was wanned to reflux. The reaction was concentrated under reduced pressure and 
subjected to flash chromatography (2:1 Hexanes/EtOAc) to afford 703 mg (99%) of (16a) as a 
mixture of inseparable diastereomers as a colorless oiL FTIR (neat) 1741, 1437, 1397, 1240 
(P=0), 751, 701 cm '; »HNMR(400 MHz, CDCl3) 8 7.30-7.19 (m, 1 OH), 6.27-5.89 (m, 6H), 
5.63 (ddd4 J= 17.0, 10.1, 6.3, 6.3 Hz, IH), 5.57 (dddd, J= 16.9, 10.1, 6.6. 6.6 Hz, IH), 5.19- 
5. 1 1 (m, 4H), 4.66 (ddd, Jhh = 15. 1 Hz, /hp = 9.6 Hz, 6 2 Hz, IH), 4.49 (ddd, = 1 5.9 Hz, 
Jhp = 9.8 Hz, = 6.1 Hz, IH), 3.70 (s, 3H), 3.70 (s, 3H), 3.67-3.44 (m, 4H), 3.38 (ddd, = 
14,7,6.0 Hz, Jhp= 6.0 Hz, 2H), 3.13 (m,2H); "CNMR (100 MHz, CDCI3) 5 171.63, 171.43 (d, 
JcP=5.3 Hz), 136.98, 136.96, 134.45, 134.29. 1 33.44 (d,Jcp= 4.4 Hz), 133J7(d, Jcp=2.9Hz), 
130.44 (d, Ji, = 159.3 Hz), 130.41 (d, Jcp= 158.6 Hz), 129.32, 129.17, 128.39, 128.36, 126.71, 
126.64, 1 18.87. 118.87, 59.46 (d, Jj, = 1.9 Hz), 58.46, 52.14. 52.14, 48.19 (d, = 5.0 Hz), 
47.50 (d, = 5.2 Hz), 35.88, 35.75 (d, Jcp = 4.2 Hz); ^'P NMR (162 MHz, CDCI3) 5 37.78, 
36.95; HRMS calculated for CjjHjoClNOjP (M+H)* required 328.0869, found 328.0868. 

IL Preparation of Cyclic Phosphonanadic MonocUoridates (1 7a) 

A solution of compound (16) (21 1 mg, 0.64 mmoO and CHjClj (20 mL) was purged with 
argon gas for 10 minutes. Grabbs Catalyst 1 (1.6mg, 1 92 junol) was added and the reaction was 
heated to reflux and monitored by TLC. The reaction was concentrated under reduced pressure 
and subjected to flash diromatography (2:1 Hexanes/EtOAc) to afford 187 mg (98%) of (17a) 
as a sqjarable mixture of two diastoBomers (17a, and 17aj), both as colorless oils. 

Characterization of the isolated diastereomer (17a,) was as follows: = 0.30 (1:1 
Hexanes/EtOAc); [a]^ = +13.4; (c = 0.15, CHC^; FnR(neat) 1736, 1455. 1385, 1253 (P=0), 
750. 692 cm-i; 'H NMR (400 MHz. CDCI3) 5 7.30^7.21 (m. 5H), 7.08 (dddd, = 50.0, = 
8.8, 1.9. 1-9 Hz. lH).6.29(dddd,7Hp=35.0Hz.Jin=8.8. 2.1,2.1 Hz, lH),4.58(ddd,JHH=7.7, 
7.7 Hz, Jiff = 7.7 Hz, IH), 3.34 (ddd, = 17.6, 2.0 Hz, 7„p = 2.0 Hz, IH), 3.98 (dddd, Jhh = 
17.8, 15.7, 2.2 Hz, Jap = 2.2 Hz, IH), 3.34 (s, 3H), 3.30 (dd, J= 14.0, 8.1 Hz, IH), 3.09 (dd, J 
= 14.0, 7.7 Hz, IH); "C NMR (100 MHz, CDCL) 5 171 J5 (d, J„ = 4.0 Hzl 145.69 (d. = 
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16.8 Hz), 135.34, 128.68, 128.59, 127.09, 121.54 (d,ya.= 148.8 Hz), 54.67 (4^0, = 4.4 Hz), 
52.06, 48.30 (d, = 30.8 Hz), 36.81 (d, Jcp = 4.6 Hz); NMR (162 MHz, CDCy 5 42.60; 
HRMS calculated for CnHjgCINOjP (M+H)* required 300.0556, found 300.0583. 

Chaiacterization of the isolated diastereomer (17a2) was as follows: = 0.17 (1:1 
Hexanes/EtOAc); [o]" = -10.4; (c = 0.08, CHCI3); FITR (neat) 1743, 1455, 1387, 1249 (P=0), 
751,700 cm-'; 'H NMR (400 MHz, CDCI3) 8 732-722 (m, 5H).7.10(dddd,yHp=51.6Hz, Jhh 
= 8.7, 1 .9, 1 .9 Hz, IH), 6.32 (dddd, = 35.7 Hz, Jhh = 8-8, 2,1, 2.1 Hz, IH), 4.53. (ddd, = 
8.0, 8.0Hz,/hp = 8.0Hz, lH),4.30(dddd,yHH= 17.4, 12.9, 22 Hz, Jhp= 2.2 Hz, lH),3.97(dd, 
J= 17.5, 2.0 Hz, IH), 3.67 (s, 3H), 3.35 (dd, J= 13.8, 7.4 Hz, IH), 3.09 (dd, J= 13.8, 8.2 Hz, 
IH); "CNMR(100MHz, CDCl3)5 171.0Q(d, Ja.=4.4Hz), 145.50(d, Jq,* 16.6Hz), 136.11, 
128.94, 128.66, 127.09, 121 .92 (d, JJ, = 148.9 Hz), 5624 (d, = 4.7 Hz), 523 1, 48.88 (d, 
= 3 12 Hz), 36.55 (d, = 23 Hz); ^'P NMR (162 MHz, CDCI3) 8 44.00; HRMS calculated for 
CjjHwClNOjP (M+H)* required 300.0556, found 300.0569. 

in. Preparation of Cyclic Phosphomimdate (17b) 

A solution of compound (17a) (108 mg, 0.36 mmol) and CH2CI2 (3 mL) was cooled in 
a O'C ice baft. Next, EtjN (120 nL, 0.90 mmol) and DMAP (4.4 mg, 0.036 mmol) were added, 
followed by MeOH (36 \xL, 0.90 mol). The reaction was wanned to room temperature and 
monitored by TLC. The reaction was concentrated under reduced pressure and subjected to flash 
chromatography (1 : 1 Hexanes/EtOAc) to afford 105 mg (99%) of (17b) as a separable mixture 
of two diastoeomers (17bi and ITbj) as colorless oils. 

Characterization of the isolated diastereomer (17b,) was as follows: Rj = 0.56 (EtOAc); 
laf = +118.5; (c = 029, CHCIj); FDR (neat) 1740, 1455, 1385, 1347, 1228 (P=0), 751, 701 
cm*; •HNMR(400MHz, CDCl3)8728-7.18 (m, 5H), 7.02(dddd, Ji,P=43.0Hz, Jhh=9.0,2.0, 
2.0 Hz, IH), 6.00 (dddd, Jhp = 29.8 Hz. Jhh = 9.0. 2. 1 , 2. 1 Hz, IH), 4.36 (ddd, = 8.8 Hz, 
= 7.0, 7.0 Hz, IH), 4.10-4.03 (m, IH), 3.87 (dddd, Jhh = 173, 62, 22 Hz. = 22 Hz, IH), 
3.59 (s, 3H), 3.50 (d, = 133 Hz, 3H), 327 (dd,y= 13.7, 9.1 Hz, IH), 3.05 (dd, J= 13.7, 6.6 
Hz, IH); "C NMR (100 MHz, CDCI3) 8 171.95 (d, = 32 Hz), 146.10 (d, Jq, = 15.6 Hz), 
136.12, 128.84, 128.42. 126.79, 1 17.49 (4 Jc = 1592 Hz), 5538 (d, = 4.8 Hz), 52.89 (d. 
Jet = 6.5 Hz), 51.76, 48.12 (d, Ji, = 29.0 HzX 36.88 (d, Ji, = 2.4 Hz); ^'P NMR (162 MHz, 
CDCI3) 8 41 20; HRMS calculated for C„H„N03P (M+H)* required 296.1052, found296.1057. 
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Characterization of the isolated diastereomer {ITb^ was as follows: R, = 0.30 (EtOAc); 



(P=0). 



'HNMR(400MHz, CIX:i3)5 727-7J6(m,5H),7.00(dd,JHp = 43.0H2. Jhh = 8^ 1H), 
5S4 (dddd, /hp = 29.6 Hz, Jhh = 8.8, 2.0. 2.0 Hz. IH), 4.31 (ddd, /i,, = lO.l Hz, Jhh = 6.4, 6.4 
Hz, IH), 4. 13 (dddd, J^^ = 17.0, 4. 1, 2.0 Ez,J^= 2.0 Hz, IH), 3.80 (dddd, Jhh = 17.0, 53, 2.2 
Hz, Jhp = 2.2 Hz. IH), 3.66 (s, 3H), 3.29 (dd,y= 14.0. 5.4 Hz, IH), 3.01 (dd,y= 13.9, 10.2Hz, 
IH), 2.93 (d, = 12.4 Hz, 3H); "C NMR (100 MHz, CDClj) S 171.84. 146.20 (d, = 15.8 
Hz). 137.08, 128.78. 128 J6. 126.83, 1 17.64 (d. = 158.0 Hz), 56.72 (d, J^, = 4.4 Hz). 52.14 
(d, /cp = 63 Hz), 52.08, 48.55 (d, = 28.5 Hz), 36.66 (d, Ja = 3.9 Hz); ^'P NMR (162 MHz. 
CDCy 8 4 1 .91 ; HRMS calculated for Ci^Hj^OjP (M+H)* required 296. 1 052. found 296. 1062. 



EXAMPLE 10 

Scheme J dq)icts the reaction schemes foUowed in Parts I-II of this example. 
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/. Preparation of Acyclic Valine-Derived. Pho^horus-Containing Conqmmd (19) 

A solution of phenyl dichlorophosphate (49 mg, 0^3 mmol) and CHjClj (0.75 mL) was 
cooled in a 0°C ice bath. Next, EtjN (186 mg, 1.84 mmol) and DMAP (3 mg. 25 junol) were 
added slowly, and the solution was warmed to room temperature and stirred for 15 minutes. 
Valine-derived allyhc ammonium salt (18) (68 mg, 0.50 mmol) was added, and the solution was 
stirred at room temperature for 2 hours, then brought to reflux for 90 minutes. The solvent was 
removed under reduced pressure, and the oiide product was partitioned between EtOAc ( 1 0 mL) 
and water (1 0 mL). The layers were separated, and the aqueous 1^ was washed with EtOAc 
(3x2 mL). The organic lay«s were combined, dried (Na^O^, and further concentrated xmda 
reduced pressure. Flash chromatography (2:1 HexanesflEtOAc) afforded 76 mg (99%) of (19) as 
a white foam. [oF = +28.3 (c = 0.12, CHCI3); FIIR (neat) 1645, 121 9 (P=0), 771, 690 cm \ 
>H NMR (400 MHz, CDCI3) 5 7.31-7.22 (m, 4H), 7.09 (t. J= 7.3 Hz, IH), 5.77 (ddd, J= 16.9. 
10.4.6.4 Hz, IH). 5.77 (ddd,^= 16.9. 10.4,6.4 Hz, lH),5.19(d,y= 17.1 Hz. lH),5.19(d,y= 
17.1Hz, lH).5.15-5.12(m,2H),3.70-3.59(m.2H),2.70(dd,JHH= 10.2 Hz, 7^,= 10.2 Hz, IH). 
2.66(dd, JiH= 10.4Hz, Jhp= 10.4Hz, IH), 1.84-1.72 (m,2H), 0.88 (d, 7= 6.9 Hz. 3H). 0.87 (d, 
J= 6.6 Hz, 3H), 0.86 (d, J= 7.0 Hz, 3H), 0.86 (d. J= 6.5 Hz, 3H); "C MMR (100 MHz, CDCI3) 
6 151.69 (d, = 6.3 Hz), 138.65 (d, = 3.4 Hz), 138.47 (d, = 3.5 Hz), 129.40, 123.99, 
120.28 (d. Ja = 5.1 Hz), 115.49, 1 15.45, 59.69, 59J8, 33.41 (d, Jcp = 1.3 Hz). 33.35 (d, = 
2.1 Hz), 18.26. 18.12. 18.09, 18.02; '•PNMR(162 MHz, CDCy 6 10.26; HRMS calculated for 
CjgHaoNjOjP (M+H)* required 337.2045, found 337.2052. 

R Valine-Derived P-Heterocycle (20) 

A solution of compound (19) (143 mg, 0.43 mmol) and CHjClj (1 4 mL) was purged with 
argon for 1 0 minutes. The solution was brought to reflux, and the Grubbs Catalyst 1 was added 
in three 5 mol% portions (17 mg, 21 ^mol) over a 20-hour period. After 48 hours, flie reaction 
was concentrated under reduced pressure and subjected to flash chromatography (2:1 
Hexanes/EtOAc, then 1 :2 Hexanes^tOAc) to afford 47 mg (33%) of (19) and 61 mg (47%) of 
(20) as a white foam. An alternative ^proadi uamg the Grubbs Catalyst 3 is as foUows: A 
solution of compound (19) (6.2 mg, 18.4 jmiol) and degassed CHjCIi (600 \iL, CHjClj was 
degassed bypassing through a flitted filter under vacuum) was prepared. Grubbs Catalyst 3 (0.8 
mg, 0.92 fuiol) was added, and tiie solution was brought to reflux for 90 minutes and monitored 
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by TLC. The reaction was concaitrated under reduced pressure and subjected to fliash 
chroinatogr^hy(2:l Hexanes/TEtOAc, then l:2Hexanes/EtOAc) to afford 5.0mg(88%) of (20) 
asawhitefoam. [a]^ - -22.5 (c = 0.08. CHCI3); FITR (neat) 1593, 1224 (P=0), 769, 691 cm"'; 
•HNMR(400 MHz, CDCI3) 5 733-7.22 (m, 4H), 7.13 (t, J= 7.5 Hz, IH), 5.58-5.51 (m, 2H). 
4.06 (ddd, = 1 1.2 Hz, /hh = 7-2, 3.7 Hz, IH), 3.87 (ddd, = 1 1.4, Jhh = 7.6, 3.9 Hz, IH), 
3.00(dd,/HH=8-3,JHP = 8.3Hz, lH),2.86(dd,7HH=6.2,JHp=6.2Hz, IH), 1.94-1.86(m, IH), 
1.86-1.77 (m, IH). 1.01 (d. 7= 6.8 Hz, 3H), 0.96 (d, J= 6.9 Hz, 3H), 0.89 (d, y= 6.1 Hz. 3H). 
0.87(d, J=6.5Hz,3H); NMR ( 100 MHz, CDC^S 150.94 (d,ycp= 6.4 Hz), 133.06, 132.31, 
129.49, 124.41, 120.58 (d, Ji,=4.6Hz), 54.86. 54.01 (d, Jcp= 1.8Hz),33.41 (d, Jcp = 12.3 Hz), 
33.17 (d, Jcf = 11.5 Hz), 18.78, 1829, 17.55, 17.04; ^'P NMR (162 MHz, CDCI3) 5 16.42; 
HRMS calculated for Ci^^^O^ (M+H)* required 309.1732, found 309.1731. 



EXAMPLE 11 

The inhibition of Hopes Simplex Virus Protease by three different compounds was 
determined according to the procedure described by Waxman et al.. Antiviral Chemistry and 
Chemothereqiy, 11:1-22 (1999); Qiuetal^Froteases of Irtfectious Agents, AixtdesmcPtess, 93- 
1 15 (1999); and U.S. Patent NO. 6,008,033, each incorporated by reftaence hoein. 

The conqwunds tested are shown in Schemes BL, L, M, N, and O with the concentratioiis 
of each of the compounds being 200 pmolar. 

SdiemeK 

OMe 

\\/ 

u 



H3COOC 



Scheme L 
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Scheme M 



OMe 

\\/ 




Scheme N 



BocHN 




NHBoc 



Scheme O 



CI 



The Scheme K compound resulted in a 25.5% inhibition of tihie protease. The Scheme L 
compound resulted in a 34,7% inhibition of the protease. Finally, the Scheme M compound 
resulted m a 33.5% inhibition of the protease, the Scheme N compound resulted in a 44.4% 
inhibition of the protease, and the Scheme O con^und resulted in a 44.7% mhibition of the 
protease. 
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EXAMPLE 12 

The inhibition of HIV protease by the compounds shown in Scheme N (99 |imolar) and 
Scheme O (99 fimolar) was detemiined following the procedm« described by Maschera et al.. 
Human Immunodeficiency Vuiis: Mutations in the Viral Protease that Confer Resistance to 
Saquinavir Increase the DissodationRate Constant for the Protease-Saquinavir Complex, J. Biol 
ChejTL, 271:33231-35 (1996), incorporated by reference herein. 

The compound of Scheme N resulted in a 23% inhibition of the protease, while the 
compound of Scheme O resulted in a 36% inhibition. 

EXAMPLE 13 

The inhibition ofhuman cathepsin K by the compound shown in Scheme N (1 06 fimolar) 
was determined. ThepeptidesutilizedwerechiomophoricZ-Phe-Arg-pNA*HClandflTO^ 
Z-Phe-Arg-AMC (each available firom BACHEM Bioscience, Inc.). Stock solutions were 
prepared with 100% dimethylsulfoxide (DMSO) and stored at -20'*C. 

The final assay conditions were 100mMNaOAc,pHof 5.5, 10mM(IUl)-<iithiothreitol 
(DTT), 10% DMSO, 120 mMNaCl, 10 >mioIar of the peptide, and 12.5-0.012 ^molar inhibitor 
in twofold serial dilutions from 20X stocks in 100% DMSO. The enzyme working solution was 
a 1:3000 dilution of 8.75 mM human cathepsin K into 100 mM of NaOAc, pH of 5.5, 10 mM 
DTT, 1.2MNaCl. 

Serial dilutions were performed in 100%DMSO. Columns2-12of anintermediateplate 
were filled with 100 mL/well of 100% DMSO and column 1 was filled with 195 mL/weU. Next, 
5 mL of a 10 mM solution was added to column 1. A twofold serial dilution was prepared in 
colunms 1-1 1 of the intamediate plate by sequential transfer of 100 mL of the contents of each 
well in a column to the correspondmg well of the next column, with mixing between each 
transfer. Samples of 1 1.7 mL from each well of the intermediate plate were transferred to 
another mtermediate plate and 200 mL of apeptide buffer (105 mMNaOAc, pH of 5.5, 1 0.5 mM 
DTT, 5.8% DMSO, 12 mM peptide) was added. Samples (20 jiL) of enzyme working solution 
were placed in each well of an €anpty assay plate, and 1 80 jiL/well of the test compound-peptide 
mixture was added to the enzyme to initial the assay. The fluorescence was monitored every 6 
minutes for 72 minutes using a CytoFluor Series 4000 PerSeptive Biosystems multi-well 
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fluorescenceplate reader with thefoUowing settings: gain=50;20reads/w^ 
nm; and leni=440st20 nm. 

The compound resulted in a 34% inhibition of human cathepsin K. 
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We Claim: 

1 . A compound according to a fomiula selected ftom the groi^ consisting of 
R' R O R' R /O 



10 



15 




R' R o ^' R ,o R' 




X X 



MeO,C N' -X RO.C^N-^-N'^CO.R 



, O OPh 

R' O R 

20 i W 

RO2C 



HN NH 




R'^y/^R' 
X X 



O OPh R' r 

P>. ,x 



25 -.x .A :-' 



HN NH ROjC N 

\ 




R'^W/^R' 
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9 




wherein: 

each X is individually selected from the group consisting of oxygen, -NH, aiul 
-NOR; 

each R is individually selected from the ffx>up consisting of hydrogen, branched 
and unbranched alkyl groins, branched and unbranched alkenyl groiq)s, 
branched and unbranched alkynyl groups, allyl groups, aiyl groups, acyl 
groiq>s, 2-15 mer peptides, and benzyl groups; and 

each is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-15 mer peptides. 
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2. The compound of claim 1 , wherein at least one comprises an amino acid side 
chain selected from the group consisting of 



I 

CH3 



I 

CO, 

I 

c=o 

OS? , 



I 

CHj 

CH2 
I 

s 

I 

Ok , 

I 

CH2 
I 

c=o 

NHR^ 



I 

CH, 
I 

c=o 

NHR^ , 



I 

CH2 
I 

c=o 



I 

at 

SR^ 




I 

CH2 



I 

CH-CHj 
I 

CH, 



I 

CH-OR^ 
I 



I 

cH-ca 
I 



AAA* 
I 

CH2 
I 

CH, 
I 

I 

CH, 

I \ 
NHR^ 



AAA/ 

I 

CH, 

I 

CH, 
I 

CH, 
I 

NH 
I 

C=NH 
I 

^^H2 



AAA* 




AAA/ 




OR 



2 , and 



AAA/ 




wherein each is individually selected from the group consisting of hydrogen, branched and 
unbranched alkyl groiqps, branched and unbranched alkenyl groups, branched and unbranched 
alkynyl groiq)S, allyl groins, acyl groups, aryl groups, and ben2yl groups. 
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3. The compound of claim 1, wherein said formula is selected 6om the gtovp 
consisting of 

^ Ph o 

.P. A >r ^N^^ ^ 



15 



20 



25 





BnO ^ OBn H» \__/ 'Hi 







ir o a 



O OMe 

Ph' N N Ph I \\/ 





MeOjC N N CO2MC 



Ph 

CI 

\\/ Phs^ 

^ O OMe 
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MeOjC 

and 
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4. A method of fonning aphosphonamide compound comprising the step of reacting 
a phosphonamide comprising an opened-ring structure with a ring-closing catalyst to yield a 
closed*ring phosphonamide compound. 

5. The method of claim 4, wherein said closed-ring phosphonamide compound is 
selected from the group consisting of 

i V i "^z" I 

MeO,C RO.C^N-'^-N^CO.R 



, O OPh 

O R 

HN NH 



RO2C 





o OPh R' o r 

HN NH RO2C N 



, and 





wherein: 

each X is individually selected fiom the group consisting of oxygen, -NH, and - 
NOR; 

each R is individually selected imm the group consisting of hydrogen, branched 
and mihranched alkyl groups, branched and uhbranched alkenyl groups, 
branched and unbranched alkynyl groins, allyl groups, aryl groups, acyl 
groups, 2-15 mer peptides, and benzyl groups; and 

each R' is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-15 mer peptides. 
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6- The method of claim 4, wherein said catalyst is a Grubbs catalyst selected from 
the groiq) consisting of 



Cl 

a- 



PC% 

rI= 
I 



Ph 



CI 

a- 



I 




\ r 



Cl 

Cl- 



Ru: 



PCxj 



Ph 



Ph 



Ph 



7. The method of claim 6, wherem said Grubbs catalyst is 



Ph 



PCyj 



8. The mediod of claim 4, herein said opened-iing structure comprises an allylated 
phosphonamide. 
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9. The me&od of claim 8, ^xlieieia said allylated phosphonaniide is selected fix>m 
the group consisting of 



5 



10 




4 
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10. The method of claim 5, wherem at least one comprises an amino acid side 
chain selected from the groiq) consisting of 



1 



I 

I 

c=o 

OR^ , 



•wx> 
I 

CH, 
I 

S 
I 

I 
I 
I 

c=o 

NHR^ 
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I , 
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OK* . 
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CHj 
SR^ 
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I 

H 
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CH-CH, 
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CH, 
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CH-CH, 
I 



CH-OR^ 
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CH3 . 
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CH-CIL 
I 
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I 

CH, 
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CHo 
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CH, 
NHR^ 



I 

CH, 

I 

CH9 

I 

CH, 

I 

-m. 
I 

C=:nH 
I 

NHj 





, and 




wherem each is individually selected fiom the groi^ consisting of hydrogen, branched and 
mibranched allsyl groups, branched and unbrancbed alkenyl groups, branched and unbranched 
alkynyl groups, allyl groiq)S, acyl groups, aryl groups, and benzyl groups. 

1 1. The method of claim 4, wherein said reacting step is carried out at a temperature 
of fiom about 15-80X. 



12. The mefliod of claim 4, wherein said reacting step is carried out in a solvent 
system comprising a solvent selected fi^om the group consisting of toluene, benzene, chloroben- 
zene, dichlorobenzene, methylene chloride, dimethoxyethane, and mixtures thereof. 
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13. ThemethcKi of claim 4, wherein saidreacting step results inaclosed-ring structure 
yield of at least about 80%. 

14. A method of forming a cyclic phosphonamide comprising the steps of: 
providing a template compound comprising two secondary amines, with the 

* 

nitrogen atoms of each of said amines being bonded to an alkyl chain 
comprising at least two carbon atoms; and 
reacting said template compound with a phosphorus (EQ) compound under 
conditions to cause &e pho^horus atom of said phosphorus (HT) 
compound to bond with each of the nitrogen atoms of the template 
compound so as to yield the cyclic phosphonamide. 

1 5. The method of claim 1 4, vdierein said phosphorus (IQ) compound comprises the 
formula R^PY2, wherein: 

is selected from the group consisting of hydrogen, branched and unbranched 
alkyl groups, branched and unbranched alkenyl groups, branched and 
unbranched alkynyl groiq)s, allyl groups, aiyl groups, phenyl groiq)s, and 
benzyl groups; and 
each Y is individually selected from the group consisting of the halogens. 

16. The method of claim 14, wherein said phosphorus (QI) compound comprises the 
formula PhPCl^. 
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17. The melliod of claim 14, wherein said template compound is according to a 
fomiula selected from the group consisting of 



R NH HN^R 



^-^mi HN^ 





R» R» A A 

RO^C-^NH HN^COjR ^^^^ P mj-^CO^R 

.and XX 



wherein: 

each X is individually selected from the groiip consisting of oxygen, -NH, and 
-NOR; 

each R is individually selected from the group consisting of 2-15 mer peptides, 
hydrogen, branched and unbranched alkyl groups, branched and un- 
branched alkenyl groiq}S, branched and unbranched alkynyl groups, allyl 
groups, acyl groups, aiyl groi5)s, and benzyl groups; and 

each R^ is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-15 mer peptides. 
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18. The method of claim 17, wherein said template compound is according to 
formula selected fix>m the group consisting of 




NMG2 





KfeO,C- -N N CO^[e MeO.C'^N N XO^e 



, and 
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19. The method of claim 14, wherein said cyclic phosphonamide is according to a 
formula selected fix)m the group consisting of 




wherein: 

each X is individually selected from the group consisting of oxygen, -NH, and - 
NOR; 

each R is individually selected from the group consisting of hydrogen, branched 
and unbranched alkyl groups, branched and unhranched alkenyl groups, 
branched and unbranched alkynyl groups, allyl groups, acyl groups, aryl 
groups, 2-1 S m^ peptides, and ben2yl groups; and 

each is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-15 mer peptides. 
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20. The method of claim 19, wherem said cyclic phosphonamide is according to a 
foimula selected from the group consisting of 




2L The method of claim 14, wherein saidreacting step is carried out at a temperature 
of from about -10-25 °C. 

22. The method of claim 14, wherein said reacting step is earned out in a solvent 
system comprising a solvent selected Scorn die groiq> consisting of meti^lene chloride, 
acetonitrile, diethyl ether, and mixtures thereof. 

23. The method of claim 14, wherein said reacting step results in a closed-iing 
structure yield of at least about 80%. 
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